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Previews
issue of Structure]), and the question is, what is therePlants Have SOX: The Structure
that is new? The answer: quite a lot. First of all, theof Sulfite Oxidase from heme domain is missing. It was already known that the
plant enzyme, which is localized in the peroxisomeArabidopsis thaliana
rather than the mitochondrion, lacks the heme domain
found in the vertebrate enzyme (Eilers et al., 2001)—the
absence of the heme domain raises the question, as
The crystal structure of sulfite oxidase from Arabidop- yet unresolved, as to the natural oxidant for the plant
sis thaliana provides a physical picture of a new molyb- enzyme. As for the structure itself, there is an overall
denum enzyme, the first such from plants and the 47% sequence identity between the A. thaliana enzyme
simplest one yet identified from a eukaryotic source. and the molybdenum domain of the chicken enzyme,
and the overall folds are very similar: excepting a stretch
Sulfite is something of a metabolic hot potato. Formed of 37 residues that are unique to the plant protein there
in the natural degradation of the amino acids cysteine is a 0.98 A˚ rms deviation for 92% of the C positions
and methionine, it is a strong nucleophile that can react between the two proteins.
with a wide variety of cellular components, and if not The close similarities between the structures make
rapidly oxidized on to sulfate can wreak havoc within the differences that are seen stand out. Consider the
the cell. In humans, genetic lesions in the enzyme re- case of Arg 374 in the plant structure. In the chicken
sponsible for this oxidation, sulfite oxidase, result in enzyme, the homologous Arg 450 is involved in an elec-
profound birth defects and usually death within a few trostatic interaction with a sulfate ion (present in the
months of birth (Johnson and Wadman, 1989). The na- crystallization mother liquor) that occupies the substrate
ture of the symptoms suggests strongly that the princi- binding site, very near the molybdenum center at the
pal difficulties arise in the central nervous system, where bottom of a long solvent access channel. The crystals
sulfatides and related compounds constitute major of the plant enzyme were obtained in the absence of
components of the myelin sheath—it is thus likely that sulfate, and Arg 374 has rotated away from the substrate
at least in vertebrates the principal lesion is one of lipid binding site. This motion clearly plays a role in substrate
rather than protein metabolism. binding and likely also substrate specificity—in the oth-
Sulfite oxidase from vertebrate sources is a molybde- erwise closely related nitrate reductases, this arginine
num- and heme-containing enzyme that is localized in residue is replaced by a methionine. Further away from
the intermembrane space of the mitochondrion. Sulfite the molybdenum center in the chicken structure, one
is oxidized to sulfate at the molybdenum center and the finds a second sulfate ion bound in the solvent access
reducing equivalents passed on to the heme, which then channel. In the plant protein the highly conserved Glu
reduces cytochrome c. The crystal structure of the sul- 165 has swung into the position occupied by the sulfate
fite oxidase from chicken has been reported by Kisker et in the chicken structure. This would seem to represent
al. (1997). The enzyme is a homodimer with the subunits a conformational gate to substrate access to the active
divided into three domains, from the N terminus: a small site, requiring that Glu 165 (Glu 246 in the chicken en-
heme-containing domain with a sequence and fold very zyme) move so that substrate can gain entry to the active
similar to that of cytochrome b5, a larger molybdenum- site.
containing domain, and an interface domain with a glob- Another important difference between the Arabidop-
ulin fold that provides the principal contacts between sis and chicken structures is in the molybdenum center
subunits within the dimer. itself. This site, which includes the pyranopterin cofactor
Now comes the structure of a sulfite oxidase from a common to molybdenum- and tungsten-containing en-
zymes, is known to undergo significant structuralplant, Arabidopsis thaliana (Schrader et al., 2003 [this
Figure 1. The Active Site Structures of Oxi-
dized and Reduced Sulfite Oxidase
Upper left: the oxidized center, and upper
right: the reduced form. Bottom: the structure
of the pyranopterin cofactor that coordinates
to the molybdenum via its enedithiolate side-
chain, as indicated.
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changes upon reduction from Mo(VI) to Mo(IV) (George So we have the structure of a new molybdenum-con-
et al., 1989), and it appears that in the structure of the taining enzyme, the first such from plants and the sim-
chicken enzyme the center is in its reduced Mo(IV) state, plest yet identified from a eukaryote. The A. thaliana
the protein presumably having been reduced in the sulfite oxidase provides a unique opportunity to apply
strongly ionizing synchrotron beam used in data acquisi- a variety of spectroscopic methods to study the molyb-
tion. The structure can be formulated as LMo(IV) denum center without the complication of the strongly
O(OH2)(S-cys), as shown in Figure 1, with the MoO absorbing heme group. Its structure provides the physi-
group in the apical position of a square-pyramidal coor- cal context within which the electronic structure of the
dination geometry. It is evident from the structure of the active site molybdenum center can be understood and
plant enzyme that the protein is in the oxidized rather correlated with reactivity. This is one of the most funda-
than reduced form: within the limits of the resolution mental goals of modern bioinorganic chemistry.
of the structure, it appears to be best formulated as
LMo(VI)O2(S-cys).
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members, forming both homo- and heteromeric, but al-Folding Pyrin into the Family
ways homotypic interactions. Structures of two death
domain heterodimers indicate that at least two different
binding interfaces are possible, and models based on
these structures suggest that both interfaces could beThe first structure of a pyrin domain confirms its mem-
used simultaneously in a trimeric complex (Weber andbership in the death domain superfamily, reveals a
Vincenz, 2001).local unfolding of the third of six helices, and suggests
Pyrin domains (PYDs) were recently identified as athat the folding/unfolding transition of this helix may
new family within the death domain superfamily basedbe an important determinant of the function and dis-
on a convincing combination of sequence alignment,ease related dysfunction of this domain.
functional association, structure prediction, and homol-
ogy modeling (Bertin and DiStefano, 2000; Aravind etThe death domain superfamily includes the DD (death
al., 2001; Fairbrother et al., 2001; Martinon et al., 2001;domain), DED (death effector domain), and CARD (cas-
Staub et al., 2001). PYDs form homotypic protein-proteinpase recruiting domain) families, which mediate crucial
interactions and are involved in both apoptotic and in-interactions in apoptotic and developmental signaling
flammatory signaling pathways. Proof that PYDs arepathways. Death domains function as protein-protein
indeed members of the death domain superfamily isinteraction motifs, serving as adaptors for bringing to-
provided by the NMR structure, presented by Grutter,gether components of signaling complexes. The classic
Wuthrich, and coworkers in this issue of Structure (Hillerexample is the DD of Fas, which recruits FADD through
et al., 2003), of the PYD of NALP1/CARD7. The PYDinteractions with its DD, and subsequently recruits pro-
adopts the helical bundle Greek key motif that is charac-caspase 8 through interactions of its DED domain with
teristic of death domains. Unexpectedly, however, thethat of FADD, to form the death-inducing signaling com-
plex. Death domains only associate with their own family region that normally corresponds to the third of the six
